Considering the quark mixing induced over-determination of fermion field Renormalization Constants in on-shell scheme, we propose a new scheme differs from usual "Incoming fermion" scheme and "Outcoming fermion" scheme, which satisfies all of the on-shell renormalization conditions, thus can be used in LSZ reduction formula without any deviation when we calculate S-matrix elements from correlation functions.
Despite the electroweak standard model [1, 2, 3] (SM) has obtained great success, it needs to be tested in its full scope and more exactly. Thus the radiative correction needs to be calculated more accurately. Here we discuss a covert defect of the renormalization of fermion fields in on-shell scheme and give a new way to solve it.
As it is well known, the on-shell renormalization scheme has some outstanding virtues. It makes the renormalized parameters have clear physcal meanings(thus gauge independent) and is convenient to use LSZ reduction formula [4] for calculating S-matrix elements from correlation functions. So we will discuss the renormalization of SM in on-shell scheme.
In the on-shell scheme all renormalization conditions are formulated for on mass shell external fields. The field renormalization constants is fixed using the one-particle irreducible two-point green functions. First let us list the unrenormalized one-particle irreducible fermion two-point functions [5] :
Where ω − and ω + denote the left and right-handed projection operations respectively. Following the results of [5] we define the fermion field Renormalization Constants as follows (we denote bare quantities by an index 0)
Thus we can get the counterterms of fermion two-point functions at one-loop level
with the actual values of C L , C R , C
The on shell renormalization conditions state that the renormalized one-particle irreducible(1PI) two-point functions are diagonal if the external lines are on their mass shell. So we have for fermion (the renormalized quantities are denoted by a superscriptˆ)
where u(p) andū(p ′ ) are the spinors of the external fields.Re only takes the real part of the loop integrals appearing in the self energies but not of the quark mixing matrix elements appearing there. That's to say we treat the quark mixing matrix elements as pure real numbers. A detail needs to point out that there is noRe in the off-diagonal fermion field renormalization conditions, different from ref. [5] . This will be explained late.
For an unstable particle, the imaginary part of its self-energy represent its decay rate thus is a physical observable quantity. So when we renormalize the mass and the fields of an unstable particle, we shouldn't and no need to renormalize the imaginary part of its self-energy. On the other hand, the "true" imaginary part of the self-energy of an unstable particle is controlled by the Optical Theorem(see ref. [6] for a review), the imaginary part of any theoretic parameter, such as the quark mixing matrix elements, is not the source of it. In ordr to extract the "true" imaginary parts associated with the Optical Theorem, one needs to introduce the opratorRe.
But when we renormalize the off-diagonal fermion self-energies, the situation has been changed. There is no physical observable quantity which might constrain our reormalization conditions. Therefor we discard the operatorRe in eq. 6. This disposal makes the renormalized fermion off-diagonal 1PI two-point functions equal to zero exactly when the external lines are on their mass shell. Thereby the S-matrix elements can be calculated without any warp based on this renormalization scheme.
Next let us solve the eq. 6. Puting eq. 1 and eq. 3 into eq. 6, then canceling the fermion field Renormalization Constants δZ ij , we obtain the following relations among bare self energies
Unless the fermion self-energies are Hermitian, we can not find solutions which satisfy eq. 6 [7] . In other words, we encounter an over-determination problem that one of eq. 6 is enough to determine the off-diagonal fermion field renormalization constants whereas the other eq.will give a conflictive results unless the fermion self-energies are Hermitian. In fact the fermion self-energies aren't Hermitian duo, e.g., to the branch cut generated by the loop of massless virtual fotons.
Following the over-determination idea, a scheme has been proposed that using only one of eq. 6 as the renormalization conditions, called "Incoming fermion" scheme or "Outcoming fermion" scheme, depending on which equation of eq. 6 is used [7] . A example of this scheme is in ref. [5] where the "Incoming fermion" scheme is used. At the same time, the on mass shell conditions are partly lost. What can we do?
As all we know, we don't need field renormalization if we only care about the finiteness of S-matrix elements. So a renormalizable theory has the freedom of weather or how to add the field renormalization constants to it(see ref. [8] for an example). We can choose the field renormalization constants which do not respect the field's on-shell conditions, also we can choose the field renormalization constants which do respect the field's on-shell conditions if only they satisfy our purpose of convenience and have a unambiguous definition. From this point of view, we propose a renormalization scheme which treat the fermion field renormalization constants δZ f,L/R ij and δZ f,L/R † ij as independent quantities. That's to say we introduce two set of fermion field renormalization constants δZ f,L/R ij and δZ f,L/R † ij , the former is for fermion fields f and the latter is for the Hermitian-conjugate field of fermionf , or, according to the direction of fermion line, the former is for the "Incoming fermion" field and the latter is for the "Outcoming fermion" field. In formular language, it means
have not Hermitian conjugate relations any more. We can treat them as fully independent quantities thus the constrains of eq. 7 should vanish for we cannot obtain them without Hermitian conjugate relations between δZ f,L/R ij and δZ f,L/R † ij . In this way, things become very clear and simple when the above idea is put to use. Puting eq. 1 and 3 into eq. 6, we get the following solutions
We point out that the results of δZ f,L ij and δZ f,R ij are coming from the frist eq.of 6, can be called as "Incoming" field renormalization constants , the results of δZ f,L † ij and δZ f,R † ij are coming from the second eq.of 6, also can be called as "Outcoming" field renormalization constants.
The same idea is needed when we deal with eq. 5. Puting eq. 1 and 3 into the first two equations of eq. 5 we have the following identities
which means we do need δZ
to maintain the on shell conditions. From the form of eq. 5 one is easy to see that δZ f,L/R ii may contain imaginary part if quark mixing matrix elements have imaginary parts, which doesn't conflict with the above idea only if δZ f,L/R ii and δZ f,L/R † ii are two independent quantities without the Hermitian conjugate relations. So we show the evidence of our new concept about field renormalization constants satisfying the diagonal cases.
After obtaining the above results, there is still a small intricate calculation of δZ f,L/R ii to be put on. Since some papers haven't treated it strictly, we here list a rough calculation process. First we determine the mass counterterm δm through the position of the pole of fermion propagator, which is
.
where we define the quantities f, g andf ,g as
a, b, c and d are C numbers. From eq. 1 3 and the relations δZ
, we have
Because there is a pole at the propagator momentum p 2 = m 2 f,i , the mass counterterm can be determined from the following equatioñ
Another condition of the residues of the renormalized propagators being equal to one can be carried out as followingR
All of the above equations educe, similar as [5] 
To draw a conclusion, we say that in a renormalizable theory there is a big freedom to define the field renormalization constants without violating the finiteness of S-matrix elements. Using this characteristic we introduce two independent set of fermion field renormalization constants δZ f,L/R ij and δZ f,L/R † ij corresponding to fermion fields and its Hermitian conjugate fields respectively. Thus we can solve the over-determination problem which, rise when we adopt the on-shell renormalization scheme on fermion fields within standard model. The final results of δZ f,L/R ij and δZ f,L/R † ij are given in eq. 9 and 11. Because our new scheme fulfil the onshell renormalization conditions completely and can expand to all order without any ambiguity, it is more convenient and accurate to predict physical phenomena through perturbation theories. As a general principle, this scheme can expand beyond the standard model. In recent future, along with the progress of theories and experiments, maybe we need this virtue of our new scheme.
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